Introduction
These last four decades have seen a race to miniaturize the Radio-Frequency part of popular devices. The antenna has to present not only very high compactness but also a very good integration with the surrounding devices. Decreasing the antenna size concentrates the electromagnetic fields in the radiating structure formed by the antenna. So the associated quality factor increases a lot and the bandwidth decreases. Moreover the antenna losses increase and so the efficiency decreases. A trade-off has to be found between the size, the bandwidth and the efficiency of the antenna (see, e.g., [2] ). An original solution combining high compactness and excellent integration capabilities is proposed in this communication. It consists of the particular combination of two equivalent magnetic and electric current distributions. Contrarily to the classical small ceramic microstrip antenna [1] , this composite solution can be advantageously used at low frequency regimes.
The magnetic/electric dipoles composite antenna
The proposed antenna is shown in Fig. 1 . The flattened helical part is equivalent to an inductance placed above a metallic plane (I,5mm above) . Capacitances are distributed between the helical part and the metallic plane. Such radiating element is equivalent to an electric loop loaded with a capacitance. It consists of a shorted half-wavelength helical line and its modes are those of the half wavelength antenna. The helical part can be replaced by equivalent magnetic current source M as shown in Fig.I . The version of the helical part to one loop only is equivalent to the Wheeler loop [3] . However the distributed capacitance between the helical part and the metallic plane facilitates in the present antenna the fabrication by using the classical printed circuit technology. In the region where the electric field takes high values (Le., in the shores of the helical part) the excitation of the helical part is achieved by electrical coupling. The excitation consists of a microstrip line (see Fig. 2 ). The length, the width and the proximity of this excitation line from the helical part achieve 50n impedance matching. The excitation can also be performed by using the magnetic coupling via the loop located at the center of the helix but we have observed that a good coupling is difficult to reach in practice. The second part of the antenna is the metallic plane placed below the helical part. This metallic plane supports equivalent electric current density distribution generated by the abovementioned magnetic current distribution (see. Fig. 3 ). Consequently the electromagnetic field radiated by the antenna consists of the combination of the fields radiated by the above-mentioned equivalent electric and magnetic current distributions. The antenna radiates a linear polarized field. Constructive interferences can be achieved above the metallic plane while destructive interferences can be generated below this plane. The dimensions and the distance to the helical part of the metallic plane control the radiation pattern and the efficiency of the composite antenna. Since the electromagnetic field is highly concentrated around the helical part of the antenna, the performances of the proposed radiating element are not sensitive to the surrounding (e.g., components or circuitry located on the metallic plane).
Design and realization of the composite antenna
The chosen operating frequency is 1.575GHz. The center part length, width and height are denoted by respectively L, Wand H. The number of loops, the width of the printed microstrip lines and the distance between the lines are denoted respectively by N, a and d. From the dispersion diagram of the helical line corresponding to given W, H, a and d of an elementary cell we can derive L. The phase velocity V' of the elementary cell and the phase velocity V of the same size cell in free-space are derived from this diagram. Next, from the equation VN' = A/A' where Adenotes the free-space wavelength, we determine the wavelength A' from which the length L is derived (L=A'/2). Finally we deduce the antenna characteristic parameter: L=15mm, W=15mm, H=3,05mm, N=2, a=2,5mm and d=3,5mm. This theoretical length L has to be reduced in order to compensate the edge effects. The finite-sized metallic plane (50x50xl.57mm
3 )
is obtained from the metallization of a glass-Teflon substrate (E r =2.55). The resulting antenna is shown in Fig.  I .
Electromagnetic simulation and measurement of the radiation characteristics of the composite antenna
The HFSS electromagnetic simulations (including losses) allow us to predict the bandwidth and the efficiency of the antenna around its operating frequency. The simulated bandwidth is 6.5MHz. As shown in Fig. 4 , measured results are in good agreement (bandwidth = 8MHz) compared to simulated one. Moreover the directivity pattern of the composite antenna is analogous to one of the (simulated) microstrip antenna (18x18x4mm upside a 50x50mm metallic plane) operating at the same frequency for a ecut in a zOy plane (see coordinate system Fig. 2 ) as shown in Fig. 5 . Note that the maximum directivity is about 4.2 dBL The simulated efficiency (87%) of the microstrip antenna is found to be higher than one of the composite antenna (50%). In Fig. 6 , we compare in the zOy plane the normalized radiation patterns. Note that the results of simulation and measure match correctly. However, contrarily to the classical small ceramic microstrip antenna [I] , this composite solution can be advantageously used at low frequency regimes.
Conclusion
The highly compact antenna proposed in this communication consists of a judicious association of equivalent magnetic current source with equivalent electric current source. This composite antenna presents a directivity radiation pattern analogous to one of the microstrip ceramic antennas but can be used at low frequencies. The antenna measurements confirm the promising performances obtained from electromagnetic simulations.
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